been estimated between $3 and $6 billion per year (Langa et al., 2002) . Furthermore, older adults with diabetes mellitus of intermediate functioning have, in particular, been found to have a sharper general decline than non-diabetics (Blaum, ofstedal, Langa, & Wray, 2003) . As the proportion of Americans with diabetes grows and the population ages, it is crucial that more is known about the successful treatment of this illness. Due to the complex and rigorous regimen required for successful maintenance, diabetes mellitus has been referred to as an "exemplar" for the need to better understand the correlates of successful self-management (Hill-Briggs, 2003) . The high cost, high incidence and prevalence, and complex regimen related to diabetes highlight the importance for understanding how support can improve adherence. The extent to which social support is protective for regimen adherence-and overall health-among diabetics therefore has important implications for policy and practice.
Research on the effects of social support on health status among diabetics and other chronically ill populations centers around enhancement of commitment to self-care or regimen adherence (Belgrave & Lewis, 1994; Peyrot, McMurry, & Hedges, 1987; Ruggiero, Spirito, Bond, constan, & Mcgarvey, 1990) . in a comprehensive meta-analysis of studies addressing the relationship between social support and chronic illness self-management, gallant (2003, p. 170) finds that despite evidence for a "modest" positive relationship, especially among diabetics, few studies have addressed this relationship adequately, with the majority focusing on cross-sectional, relatively young, and ethnically homogenous samples. Despite previous efforts, the relationship between social support, regimen adherence, and overall health is yet to be thoroughly examined. given the limitations of the previous studies, several factors remain ambiguous. Most are cross-sectional and lack a strong theoretical base, and are thus limited in their ability to assert the direction of causality. Furthermore, previous studies examine vastly different notions of social support (family cohesion, community involvement, social ties, etc.).
Previous research has suggested that adherence to a diabetic regimen is protective against health decline through such pathways as glycemic control and obtaining standardized tests and therapies. Through improved adherence, therefore, studies have shown that an individual will report improved outcomes not only because one's health is better but largely because it is perceived to be better as well (Heisler, Smith, Hayward, Krein, & Kerr, 2003) . Despite such findings, however, the borders between self-perceived health status, changes in health status, and regimen adherence continue to be undefined, largely due to the cross-sectional nature of most studies. Furthermore, research is needed that investigates the role regimen adherence might take as a mediator to examine either the relationship between social support and regimen adherence or the relationship between social support and health status, but not both. Therefore, such studies were unable to determine whether health benefits related to social support is largely a consequence of improved adherence. Additional research is needed that longitudinally examines the relationship between social support and health status, as well as how it relates to regimen adherence. ideally, this research should provide insight into the mechanisms by which social support contributes to health.
Focusing on diabetic older adults, this research attempts to clarify this concern by addressing the following questions: (a) What is the association between illness-related support (in contrast to competing forms of social relationships) and health decline among this population? and (b) What is the relationship between illness-related support and regimen adherence among this population? our approach draws upon a large nationally representative sample of older adults. Furthermore, we consider the effects of social relationships and regimen support separately. Finally, we examine sociodemographic variation in the study of social support, adherence, and health decline. Using this approach, this analysis has the potential to inform policy and practice interventions.
Conceptual/theoretical framework
We use the health decision model (HDM) as a framework to capture the relative contribution of social support in enhancing adherence and health outcomes among diabetic older adults. The HDM, from Eraker, Kirscht, and Becker (1984) , builds upon Becker's health belief model by incorporating preferences, including decision analysis and behavioral decision theory. The HDM has been used to examine patient adherence to smoking cessation interventions (Eraker, Becker, Strecher, & Kirscht, 1985) and racial differences of health-related beliefs, attitudes, and experiences of cardiac patients (Kressin et al., 2002) and can also be used to frame the analysis of the relationship between health decline among diabetics, social support, and regimen adherence. According to this model, health decisions and behavior (such as short-and long-term compliance) are influenced by sociodemographic characteristics and social interactions (social networks, support, and patient supervision). However, these factors also influence a patient's experience with-and knowledge about-the illness (including disease, diagnostic and therapeutic interventions, and health care providers). Patient experience and knowledge independently influence outcomes (including adherence) but have additional interacting effects on patient preferences (decision-making processes) and health beliefs (specific and general).
This model is particularly useful for examining the relationship between social support and health outcomes (including adherence) among chronically ill patients with a complex regimen, as it emphasizes that patient adherence is a function of numerous complex factors, which change according to a patient's disease attitudes and over time (Eraker et al., 1984) . Furthermore, the model suggests that individual adherence does not necessarily translate into positive health outcomes, which can be moderated by other factors such as health beliefs and decisions. Finally, although few studies have comprehensively addressed the social distribution of support (House et al., 1998; Thoits, 1995; Turner &d Marino, 1994) , studies have found that that sociodemographic characteristics such as race/ethnicity and sex can moderate this relationship (connell, Fisher, & Houston, 1992; connell, Sorandt, & Lichty, 1990; Fitzgerald et al., 1997; gallant, 2003) . Social status has been found in previous research to increase the odds of diabetic prevalence in midlife as well as health behaviors and disease management following diagnosis (Wray, Alwin, Mccammon, Manning, & Best, 2006) . Lower social position is a risk factor for earlier disease onset and worse management in midlife. Even holding health behaviors constant later in life, the disease prevalence and health behaviors earlier can strongly predict health outcomes among elderly diabetics.
in conclusion, the HDM suggests several mechanisms through which social support can influence health outcomes and adherence among the chronically ill, including type 2 diabetics. However, the HDM does not suggest which competing forms of social support (social relationships/networks, informal care, or illness support) would be strongest in this relationship. As argued by coyne and DeLongis (1986), there is a need to "go beyond" social support to investigate determinants of health and well-being to further examine the relative influences of social support on health outcomes, including adherence (gallant, 2003) . Here, drawing on the HDM, we contribute to the literature on social support and health outcomes by examining the relationship between social support (focusing on illness-related support but controlling for other aspects) and disease outcomes: regimen adherence and overall health decline among diabetic older adults.
Hypotheses
To address our research questions, we propose the following two hypotheses, which are followed by two separate analyses:
Hypothesis 1: illness-related support is negatively associated with health status decline.
Hypothesis 2: Regimen adherence is negatively associated with health status decline.
Methods

Sample
To conduct our two analyses (a) examining the impact of social support on regimen adherence and health decline over time and (b) Data weighting and analytic subsample.-of those returning questionnaires for the diabetes supplement, 1,851 reported that they had type 2 diabetes (1,603) or did not indicate which type (248). The remainder of cases reported having type 1 diabetes (50). of the 1,851, 1,788 reported having one or more elements of the diabetes regimen (discussed subsequently) and were followed up for the seventh survey wave in 2004. given that self-reported diabetes diagnosis has been found to be a valid and reliable indication (when compared with laboratory tests), we will restrict our study population to those indicating a positive diagnosis of type 2 diabetes mellitus or unknown diabetes types with an age of onset more than 30 years (Kaye, Folsom, Sprafka, Prineas, & Wallace, 1991; Midthjell, Holmen, Bjorrndal, & Lund-Larsen, 1992) . Weights were constructed to adjust for attrition and sampling bias to generate unbiased estimates for 2003 mail-out respondents specifically.
Measures
Dependent variable.-Decline in self-rated health from 2002 to 2004 is the outcome variable in the first analysis (the relationship between illness-related support and health decline). An indicator variable (health decline) was constructed to determine if health from the preceding wave (a) got worse or (b) maintained or improved. in 2002, respondents indicated whether they would rate their overall health as excellent, very good, good, fair, or poor. Those reporting a value upon follow-up of at least one unit of poorer overall health were labeled as having experienced health decline.
overall health status is a categorical variable in the 2002 HRS, with 15% reporting excellent health, 32% reporting that their health is "very good," 35% reporting "good," 15% reporting "fair," and 2% reporting poor health.
Health change is contingent upon health status; therefore, this outcome variable is controlled for by overall selfreported health status. Self-reported and self-assessed measures have been used widely in epidemiological and social research. This global categorical measure (self-rated health on a 1-5 scale) has been found to be highly concordant with clinical assessments, as well as a reliable predictor of mortality and health care utilization (idler & Benyamini, 1997) . For the second part of the analysis (testing the relationship between self-assessed illness-related support and reported adherence), the dependent variable is self-reported adherence to the six diabetic regimen components.
Independent variables.-A diabetic regimen is ideally customized through the patient-provider interaction to optimize adherence and successful treatment. Although the extent may vary, the prevention of diabetic complications generally calls for the following as regimen components:
Taking diabetes medications (pills and/or insulin); • exercising regularly; • following a recommended eating plan; • checking blood sugar; • checking feet for wounds or sores; and • seeing doctors or other providers. • in the 2003 diabetes supplement, participants indicated (through a 5-point Likert scale) the extent to which they can rely on family or friends to provide help and support for each regimen component (illness-related support). For each component, participants also indicated level of difficulty, or to which degree they adhered to each regimen component, ranging from so difficult that I couldn't do it at all to not difficult; I got it exactly right (adherence). Respondents had the option of indicating if a component was not part of their regimen in which case that response is excluded from the analysis.
A global dichotomous adherence measure is used in the first analysis to test the primary hypothesis (and shown in Tables 1 and 2 and Models 1-3, discussed subsequently). individuals are coded as relatively adherent who report relatively high levels of compliance with their overall diabetic regimen, whereas respondents are coded as relatively nonadherent who report relatively low levels of compliance. in the second analysis, to test the second hypothesis (see Table 3 ), health status is regressed on the six different components of the diabetic regimen discussed previously, with the Likert scale maintained.
As discussed previously, social support has been conceptualized and measured differently in the literature. in this study, we will focus on illness-related social support, while using support-related characteristics (provision of informal/ unpaid care and social relationships) as alternative measures of support included in the analysis as covariates. our rationale for focusing on illness-or adherence-related support in our analysis is that-as mentioned previously-previous literature has suggested that adherence is the most probable mechanism for the negative relationship between health decline and support. including additional variables related to support as covariates will enable us to peripherally examine alternative explanations for such a relationship, provided it is found.
in the first analysis, social support for regimen components is examined with health decline, controlling for regimen adherence and health status/morbidity. For the second analysis, social support components are examined with adherence, controlling for health status, change, and additional control variables. Health status is obtained from the 2002 HRS and categorically measured through a 5-point Likert scale self-assessing overall health from poor to excellent. Morbidity is measured by an imputed variable of the Total illness Burden index (TiBi) score of comorbidities from the HRS 2004 tracker file. The TiBi is a composite measure of self-reported medical events and symptoms (greenfield et al., 1995) . Finally, duration of diabetes is determined by Control variables.-We are concerned with two relationships in this study: (a) the relationship between social support and health status change among the chronically ill and (b) the relationship between social support and regimen adherence. Although the dependent and independent variables described previously enable these analyses, social support might influence health change and adherence through other mechanisms, such as the direct provision of diabetes-related care or the health effects of companionship in old age. Marital status and informal diabetes caregiving will therefore be used to measure these competing aspects of social support. The former is obtained through the 2004 HRS respondent tracker file, with "1" indicating married and "0" a collapsed variable including divorced, widowed, separated, and never married. informal diabetes caregiving is captured from the diabetes supplement question, "Besides your health care providers, who helps you the most in caring for your diabetes?" Respondents indicating spouse, other family members, or friends are determined to have informal diabetes caregivers. Respondents indicating "paid helper" or "nobody" are determined not to have informal diabetes caregivers.
The measured covariates (marital status and receipt of informal care) do not perfectly capture alternative forms of social support. For example, individuals who are currently married might have more interaction with a marital partner than those who are divorced, widowed, separated, and never married; however, this does not include life partners, closer personal friends, or contact with direct or extended family, community involvement, or friendships. Furthermore, the receipt of informal or unpaid care is not necessarily indicative of a higher level of support than the receipt of paid care or no care, paid or unpaid. For example, previous research has suggested that roles between formal and informal care can overlap or cross over in payment or relationship (Allen & ciambrone, 2003; Porter, ganong, Drew, & Lanes, 2004) . That said, receipt of informal care has been raised as an alternative explanation for the relationship between social support and distal health outcomes. including informal care as a covariate will enable illness-related support to be distinguished from the direct provision of care. As previous research suggests (connell et al., 1990 Fitzgerald et al., 1997; gallant, 2003) , social support and health status for the chronically ill can vary across such factors as race, class, sex, and age, which could potentially bias this analysis. Using demographic data from the 2002 HRS tracker file, sex (male or female), race/ethnicity (Black, Hispanic, and White), and age are used as controls in this analysis. in addition, educational achievement (less than high school, completion of high school, and some college or more) is used as a proxy control variable for socioeconomic status. The education variable is chosen as a proxy over other concrete statuses (such as income or attained wealth) because education is stable, whereas other indicators are highly variable at different stages of the earnings and retirement process. Measures are coded into categories to enable a more intuitive and meaningful interpretation of descriptive and analytical statistics. For the purposes of preliminary descriptive statistics, age and education levels are analyzed in groups. Four equal-range age groups are analyzed from 60-69 to 90-99 years. These groupings are intended to capture the relationship between social support, adherence, and health status change among different sociodemographic groups.
A series of statistical procedures is employed to test the hypotheses concerning social support, regimen adherence, and health status decline. As discussed subsequently, descriptive statistics on social, health, and demographic variables will provide preliminary data on sample characteristics. The hypotheses are tested through a series of binomial and ordinal logistic regression models. All analyses are weighted for nonresponse and differential subgroup sampling, unless otherwise indicated. Sampling weights were used from the 2003 diabetes mail-out study (type 2 diabetics represent more than 90% of the sample).
Descriptive statistics are calculated to examine sample characteristics among respondents experiencing health decline. The characteristics explored are demographic variables (age group, sex, years of education, and race), health and diabetes variables (self-rated health, diabetes duration, and morbidity), and social variables (marital status and informal diabetes care). Within these categorical groups, weighted proportions and standard errors are reported as well as the unweighted count of respondents in each category.
Hypothesis 1
A series of multivariate logistic regression models will enable us to test the hypothesis that social support is negatively associated with health status decline, controlling for regimen adherence, health status, and additional covariates.
Model 1.-in the first model, the six social support regimen variables are regressed on the indicator variable for health decline, controlling for age and self-rated health in 2002. This analysis will provide a preliminary age-and health-adjusted indication of the relationship between support and health status decline.
Model 2.-The second model will include the same social support regimen variables as in Model 1 but will also include core (and competing) social relationship variables of marital or coupled status and receipt of informal care. This will enable an independent evaluation of the strength of influence of different forms of support on health decline.
Model 3.-The final model includes the core social support variables, social variables, and health-and diabetesrelated variables (reported regimen adherence, duration of diabetes, and morbidity). The final model enables us to better control for illness severity and individual-level behaviors, as well as for the additional demographic characteristics sex, years of education, and race/ethnicity.
Hypothesis 2
Finally, to examine the second hypothesis that illness support is positively associated with adherence, we will conduct a series of ordinal (cumulative probability) logistic regressions. in each of the six models, illness support is regressed on its corresponding attribute of regimen adherence (e.g., adherence to a meal plan regimen would be the outcome variable and support from family or friends for meal plans is the explanatory variable). All health-and diabetesrelated variables, social variables, and demographic control variables are included in the series of regressions. Table 1 compares weighted and unweighted samples in several factors to assess the impact of oversampling and nonresponse bias. This table demonstrates that the sample population is highly representative of the older adult diabetic population. The sample population is roughly similar in terms of age, sex, and education characteristics as the general population. Blacks and Hispanics are slightly overrepresented due to purposive oversampling. The weighted sample proportion reporting having support related to diabetes regimen components was high, ranging from nearly 72% for checking blood sugar to more than 96% for taking medications. More than 70% of the weighted sample reported following their diabetes regimen. The majority of weighted respondents were married (63%), whereas a minority received informal care from friends or family (24%). Although the unweighted sample had nearly identical proportions as the weighted sample in regimen support and adherence domains, the sample disproportionately represented those with poor and fair health, justifying the use of survey weights in this analysis due the complex design.
Results
Sample Characteristics
Preliminary Diagnostics
The proportion of the sample experiencing declining health varies by demographic, health or diabetes status, and social characteristics. Specifically, the proportion reporting declining health was positively associated with age (highest burden in age group 80-89 years), being women (37% vs. 32%), and fewer years of education. As expected, health decline was strongly related to poor health with the follow-up, with 79% of the individuals reporting poor health who had experienced health decline. Duration of diabetes and TiBi were generally positively associated with health decline. Finally, among the additional social variables examined here (marital status and provision of diabetes care by friends or family), the proportions of those reporting health decline were surprisingly similar, ranging from 34% to 35%.
Multivariate Analysis: Binomial Logistic Regression Models
Model 1.-Among the six illness support variables tested on health decline, none was statistically significant. Self-rated health and age were highly significant as predicted (Table 2) .
Model 2.-With the inclusion of the social relationships variables, support variables continued not to be significant. Being married or coupled was not significantly associated with health status decline, whereas the receipt of informal care was strongly positively associated with decline (83%). Age and self-rated health remained statistically significant as predicted (Table 2) .
Model 3.-in the final model, diabetes support variables remained nonsignificant. Furthermore, the competing measures of social support (marital status and receipt of informal care) changed little from previous model, a reduction in the odds of decline of 8% and an increase of 97.5%. The illness support variables of interest remained stable with the inclusion of the additional health, diabetes-related, and sociodemographic variables. Self-reported regimen adherence was slightly negatively associated with decline (3.9%), whereas diabetes duration and TiBi were slightly positively associated with decline. We did not find significant differences by sex. Furthermore, education level was not statistically associated with decline when comparing respondents with education below high school with high school graduates; however, individuals with education above a high school level had 45% lower odds of health decline compared with high school graduates, which was significant. Relative to Whites, Blacks did not significantly differ in health decline; however, Hispanics had significantly higher odds of health decline relative to Whites (Table 2) .
Multivariate Analysis: Ordinal Logistic Regression Models
The series of ordinal logistic regression models tested the relationship between illness support and component regimen adherence, controlling for all other factors included in Model 3. Each being highly significant, we find that a one-level increase in social illness increases the odds of adherence to the regimen by 59% (medications), 61% (appointments), 62% (checking blood sugar), 62% (checking feet), 70% (exercising), and 110% (following eating plan; Table 3 ).
Discussion
This research examined the relationship between illness support and health status, with regimen adherence at its center. We were able to analyze-through six different regimen components-the association of support, adherence, and health status decline for a 2-year period. The finding that illness-related support was not significantly associated with distal health outcomes (but that illness-related support was significantly related to adherence) challenges previous assumptions that regimen adherence will necessarily translate into improved (or maintained) health outcomes. This is-to our knowledge-a unique finding. Further research should examine the mechanisms underlying-as well as endogeneity and temporal issues related to-the protective and riskassociated behaviors associated with illness support. given that the period of health change is only 2 years, it is possible that illness-related support could be operating in numerous ways. Support might be increased during the time that health is in rapid decline, indicating a "need for support intervention" from friends and family. given that these directions generally remained stable and consistent throughout the models, they should be explored in prospective quantitative and qualitative research. These relationships vary significantly by age, health status, race/ethnicity, and years of education, suggesting that illness support operates differently in sociodemographic domains. in addition, the degree to which isolation is a risk factor, or to which support has a buffering effect, warrants further investigation. These models also enabled us to test the extent to which illness support might be confounded by social relationships or receipt of informal care. The latter was consistently significant. The extent to which illness support is associated with regimen adherence is of particular concern. From the series of ordinal logistic regressions, we were able to assert that illness support is significantly associated with adherence for each regimen component tested here, controlling for other factors. These findings are consistent with previous literature examining the relationship between illness support and regimen adherence among chronically ill populations-particularly diabetics (connell et al., 1990 gallant, 2003; Sherbourne et al., 1992; Wilson et al., 1986) .
This relationship between illness support, adherence, and health outcomes does not conflict with Eraker and colleagues' (1984) HDM, which suggests that health determinants might relate to outcomes in a nonlinear fashion. This study marks a stepping-stone in the elucidation of the "black box" of social support theory into tangible mechanisms of its relation to health status and how it varies by sociodemographic attributes. We learned that illness support (and reported adherence) might not translate into improved health outcomes, as indicated in this study of diabetics for a period of 2 years.
Despite the advantages of this study, there are several noteworthy limitations. First, a period of 2 years might not adequately capture the translation of regimen adherence into prevention of health decline. Second, we rely heavily on subjective measures of health, which-although commonly used in health and social research-measure only a limited aspect of health status. Furthermore, subjective health status-and self-reported health decline-could further be impacted by psychosocial factors. For example, research has suggested that chronically ill older adults who rate their health more optimistically will have relatively greater perceived control over their illnesses (Hong, oddone, Dudley, & Bosworth, 2005) . As a result, we reran our analyses with variables measuring aspects of disease outcome optimism and disease self-efficacy. Although there were minor changes in the coefficients we reported, our key findings remained consistent.
in addition, our analysis of health decline as a dependent variable relies not only on an appropriate measurement of health status but also on the appropriate measure of change. By assessing decline, we introduce some error into our analysis in the form of a "floor effect," whereby those reporting poor health at baseline cannot report relatively worse health. However, given that the number of respondents reporting poor health at baseline is very small (less than 3%), it is unlikely that this imposes biases on our overall findings. We suggest that future research should examine the complex pathways of health status and functional limitations (maintenance, decline, and improvement) as health trajectories, with multiple periods of observation and over an extended period of time.
We were unable to examine additional measures of social support found to be significant in previous health research (social networks and ties, community involvement and participation), as well as other important predictors in the HDM (such as health beliefs and knowledge). Furthermore, the availability of self-reported adherence measures (support for diabetes activities, regimen adherence variables) only with the 2003 diabetes supplement poses limitations on analyzing the full relationship over time. in addition, the analysis was restricted to individuals reporting a full diabetic regimen (consisting of the six regimen components). Missing data on the outcome variable, health and diabetes variables, social variables, and demographic variables were negligible and apparently missing at random (or addressed through weighting). An imputation was conducted on item missing data and did not significantly change the outcomes, so the original data (with sampling weights from the 2003 mail-out study) were kept. Sampling weights adjusted for nonresponse (including participant mortality). Finally, all measures used in this analysis were based on self-report, which, as mentioned previously, might impose some systematic bias on the results of this study. However, given the relative stability of coefficients and standard errors across different models as well as previous studies on the validity and reliability of psychometric measures used in this analysis, it is unlikely these findings are heavily impacted by a large degree of measurement error (see Alwin, 2007) .
Conclusions
The relationship between illness support, adherence, and health is nuanced and multifaceted. Diabetic support appears to be associated as protective for some regimen components but a susceptibility factor for others. Diabetic support is, however, highly associated with adherence for each regimen attribute, controlling for other factors. Future research should examine the strength of these relationships in different subgroups of the population, particularly by race/ethnicity, by social class, and by sex. Finally, as this study seeks to understand the role of illness support within the context of health and illness, much of the texture of these disease trajectories are lost. Subsequent analyses-qualitative and quantitative-are necessary to better understand how support influences health trajectories and disease pathways for different groups. Such research can shed light on potential protective factors of social support for individuals and communities. 
